Summary. The 
Introduction
Some of the changes produced by pregnancy and lactation in various extra-reproductive organs have been reviewed by Fell (1977) and Rolls, Henschel & Palmer (1979) . In particular, we have shown that the activities of some enzymes responsible for protein digestion are increased in the small intestine (Rolls, 1975) and in the pancreas (Rolls et al, 1979) , slightly in pregnancy and markedly during lactation. In the present experiments, 4 metabolic enzymes were studied to investigate whether their activities alter during the reproductive cycle and whether any changes can be related to the general gastrointestinal enlargement or to the variations in digestive capacity.
The 4 enzymes studied were chosen as representing different locations in the cell. Alkaline phosphatase (EC 3.1.3.1) is in the brush border and acid phosphatase (EC 3.1.3.2) is lysosomal. Isocitric dehydrogenase activity (EC 1.1.1.42, NADP-dependent) is represented by two enzymes located in the mitochondria and cytosol or by one enzyme distributed between the two, whereas glucose-6-phosphatase (EC 3.1.3.9) is located in the endoplasmic reticulum. The precise metabolic functions of these enzymes in the cell are debated, but recent work suggests the following roles. Alkaline phosphatase may be associated with the transport of nutrients across and the transfer of energy within the microvillar membrane of the absorptive surface (Fernley, 1971) , and acid phosphatase may be involved in the provision of energy for organelle destruction. It has been suggested that the NAD-dependent isocitric dehydrogenase (EC 1.1.1.41) is responsible for the respiratory chain-linked oxidation of citrate under normal conditions whereas the NADP-dependent enzyme may function under conditions of high energy demand or in biosynthetic or control processes (Stein, Stein & Kirkman, 1967; Garland, 1968) . Smith & Plaut (1979) At weekly intervals from the end of the 1st week of pregnancy to the end of the 3rd week after the young were weaned, rats were taken at the same time of day without prior fasting. They were anaesthetized with diethyl ether, the gut was exposed and the small intestine washed out from the pylorus to the ileocaecal junction with the minimum quantity of cold isotonic saline (9 g NaCl/1). The small intestine was then removed and cooled on ice, and the rat was killed (09:00-09:30 h). The intestine was rapidly weighed and its length measured under standard tension provided by a 10 g weight; it was then returned to the ice-bath and cut lengthways. The mucosa was removed by gentle scraping with a glass slide and disrupted in ice-cold 0-1 M-NaCl with ultrasonic vibrations (Dawe Instruments, Western Avenue, London W3 0SD). The extract was prepared by stirring the homogenate for 60 min in an ice-bath, straining through cheesecloth and adjusting the volume to 50 ml. A 20 ml aliquot was mixed with an equal volume of «-butanol and stirred for a further 60 min over ice. Both the saline and the saline-butanol extracts were centrifuged at 4500 g at 0-5°C to remove debris and the saline-butanol extract was dialysed against distilled water at 0-4°C for at least 24 h. Both extracts were stored at -20°C until analysis.
Analysis and measurement ofenzyme activities
The protein content of the gut mucosa was measured by the method of Lowry, Rosebrough, Farr & Randall (1951) using the Folin-Ciocalteu reagent. The activity of isocitric dehydrogenase in the mucosa was estimated by a method adapted from the work of Ochoa (1948) . A 0-25 M-glycylglycine buffer, pH 7-4, was used rather than a glycine buffer. Aliquots of the saline homogenate were added to a freshly prepared 'mixed substrate' of isocitric acid, NADP, buffer and activating MnCl2 and the change in optical density at 340 nm was monitored over a 70 sec period. Estimation of glucose-6-phosphatase was based on the method of Swanson (1955) pre-impregnation levels after the young were weaned. However, the gut weight returned to a value not significantly different from the pre-impregnation figure although total protein remained about 40% higher. Moreover, the length of the gut, which also increased significantly during lactation, remained higher at 3 weeks after weaning. The total alkaline phosphatase activities followed the 'standard' pattern: a slight, non-significant increase during pregnancy and a marked, statistically significant, rise during lactation, reaching a peak at the end of the 3rd week of lactation, with a rapid and complete return to pre-impregnation values after the young were weaned. Although total acid phosphatase activity reached a peak at the same time, increases were slower to develop and the activity was slow to return to the original value. Isocitric dehydrogenase activity had increased significantly by the end of pregnancy, was at a maximum during the 2nd and 3rd weeks of lactation, and fell relatively slowly after weaning. Glucose-6-phosphatase activity was also significantly higher in lactating than in non-pregnant rats, and increased during the 2nd and 3rd weeks after weaning although the value at the 1st week after weaning was no higher than in unmated rats. Activity was reduced, though not significantly, in the 2nd week of pregnancy.
The changes in specific activity (per mg protein) of alkaline and acid phosphatases during the reproductive cycle were not significant. However, that of isocitric dehydrogenase activity was significantly higher during lactation and that of glucose-6-phosphatase was significantly raised during lactation and at 3 weeks after weaning and significantly depressed in the 2nd week of pregnancy. The increase in alkaline phosphatase activity probably reflects the need for increased nutrient absorption, but since the specific activity was not significantly changed we assume that the increased total capacity merely reflected the increased mucosal cell population. If acid phosphatase is concerned in the turnover of cell organdíes an increase proportional to the protein content and gut weight would be expected, but there was no increase in specific activity. The persistence of higher acid phosphatase activities after weaning may be an indication of a continued higher need for organelle destruction in the reversion of the gut to the state found in non-breeding animals.
If it is assumed that isocitric dehydrogenase and glucose-6-phosphatase are associated with energy production the increases in total activity observed presumably reflect the increased energy requirements of the enlarged intestine. There were also increases in specific activity, suggesting an adaptation of mucosal cells to changed conditions. Without further work it is not possible to tell whether the increases in isocitric dehydrogenase were mitochondrial or cytosolic, or both, but numbers of mitochondria may have been increased by higher levels of thyroxine, which is known to increase in lactation (Grosvenor & Turner, 1958) .
There was a fall in total and specific glucose-6-phosphatase activity in the 2nd week of pregnancy. It is tempting to envisage a connection between this and the fall in pancreas weight and proteolytic enzyme activity (Rolls et al, 1979) , but if the pancreatic effect is the result of restricted nutrient availability it would seem improbable that such an explanation could apply to an intestinal enzyme activity, particularly as no other intestinal function investigated was altered.
After weaning there was a fall in the specific activity of alkaline phosphatase, and possibly of acid phosphatase, although the greater length of the post-weaning intestine (as compared with that of unmated rats) meant that the total enzyme activities were approximately the same as those in unmated animals. This situation is similar to that found with dipeptidases (Rolls, 1975) and leucine and glucose absorption (Cripps & Williams, 1975) . In contrast, the specific activity of isocitric dehydrogenase did not fall and that of glucose-6-phosphatase actually rose after a trough at 1 week after weaning, producing a considerable rise in total activity. The reason for this increased enzyme production at the 3rd week after weaning is not clear.
These experiments show that some metabolic enzymes, like the digestive enzymes investigated in previous work (Rolls, 1975; Rolls et al, 1979) , increase during pregnancy and lactation in the rat and that, at least in some instances, these increases are in excess of those expected simply from enlargement of the gut. These changes in total activity can be contrasted with the findings of Burdett, Green & Reek (1978) who studied a range of metabolic enzymes in different regions of the gut histochemically and reported some increases in activity during pregnancy but, in general, no further increases in lactation. Studies on some of the enzymes involved in energy production in the intestine by Burdett & Reek (1979) provide valuable complementary evidence. While specific activities of some enzymes were unchanged, others varied during the reproductive cycle and Burdett & Reek (1979) concluded that the response of
